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Abstract 

Background: Enteric Redmouth Disease (ERM), caused by Yersinia ruckeri, is one of the most important infectious 
diseases in rainbow trout {Oncorhynchus mykiss) aquaculture in Europe. More recently, non-motile vaccine resistant 
isolates appear to have evolved and are causing disease problems throughout Europe, including Germany. The aim 
of this study was to analyse the variation of biochemical and molecular characteristics of Y. ruckeri isolates collected 
in north west Germany as a basis for strain differentiation. The isolates originated mainly from rainbow trout and 
were characterised by biochemical profiling, 16S rDNA sequencing, repetitive sequence-based PGRs, including (GTG) 5 - 
PCR, BOX-PCR, ERIC-PCR and REP-PCR, and pulsed-field gel electrophoresis (PFGE). 

Results: In total, 83 isolates were characterised, including 48 isolates collected during a field study in north west 
Germany. All isolates were confirmed as Y. ruckeri by the API 20E system. Five isolates were additionally confirmed 
as Y. ruckeri by Y. ri/c/ce/7-specific PGR and 16S rDNA sequencing. Only 17 isolates hydrolyzed Tween 80/20. Sixty-six 
isolates (79.5%) were non-motile. Two different patterns were obtained by REP-PGR, five patterns by ERIC-PGR, four 
patterns by (GTG) 5 -PGR and three patterns by BOX-PCR. A/ot/-directed PFGE resulted in 17 patterns that differed 
from each other by 25-29 fragments. Isolates from the field study clustered together as PFGE type C. According to 
the results of API 20E, repetitive sequence-based PGRs and PFGE, these isolates could be subdivided into 27 
different groups. 

Conclusions: The detailed molecular and phenotypic characterisation scheme developed in this study could be 
used to help trace the dissemination of Y. ruckeri isolates, and thus may represent part of improved disease 
monitoring plans in the future. 
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Background 

Enteric Red mouth Disease (ERM), caused by Yersinia 
ruckeri, is one of the most important infectious diseases 
in rainbow trout {Oncorhynchus mykiss) aquaculture in 
Europe. Signs of a clinical infection of rainbow trout 
may include haemorrhages in various tissues and organs, 
particularly around the mouth, in the gills, muscles, 
peritoneum and the lower intestine. The bacterium has 
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been isolated from various fish species, including rain- 
bow trout, steelhead {Oncorhynchus mykiss), lake trout 
{Salvelinus namaycush), cutthroat (O. clarkii), brown 
{Salmo trutta) and brook trout {S. fontinalis), coho 
(O. kisutch), sockeye (O. nerka), Chinook (O. tshawytscha) 
and Atlantic salmon {Salmo salar) [1]. In Europe, it is 
endemic in many trout farms and can cause high eco- 
nomic losses [2-6]. The disease most commonly affects 
younger rainbow trout at temperatures above 10°C. Out- 
breaks are often related to adverse situations or stressed 
carrier fish which shed the pathogen and facilitate the 
onset of an infection. In infected trout populations, 
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ERM can be controlled effectively by antibiotic trea- 
tment and by the application of inactivated whole cell 
vaccines [7], which are available commercially and are 
considered to be successful [8]. Nevertheless, outbreaks 
of ERM are still periodically observed, especially in en- 
demic areas. 

Among Y. ruckeri isolates, several serological variations 
have been reported [9-11]. While initially most outbreaks 
of ERM were caused by Y. ruckeri isolates of serotype Ol 
(Hagerman strain), Y. ruckeri isolates of different serotypes 
have been more recently obtained from sick fish during 
outbreaks of ERM in the UK, Spain and the U.S.A. 
[12-14]. Moreover, several of the commercial ERM vac- 
cines seemed to not provide sufficient protection against 
infections caused by some of these isolates [13,14]. All 
these Vaccine-tolerant' isolates lacked motility (assigned 
as biotype 2, BT2 isolates), while isolates from previous 
outbreaks were all motile (biotype 1) [13]. It was hypo- 
thesised that vaccination resulted in a selective pressure 
that enabled the emergence of non-motile isolates that are 
tolerant to the commercial vaccines. Therefore, there is a 
high risk that these non-motile vaccine-tolerant isolates 
spread and cause severe outbreaks of disease in trout 
farms. Wheeler et al [15] found that the BT2 isolates in 
mainland Europe have arisen independently from the local 
BT1 isolates. Recently, Welch et al [16] indicated that the 
European BT2 isolates were not from the same clonal 
group. In Germany, the earliest report about BT2 isolates 
was published in 1994 [17]. Recently, Vaccine-tolerant' 
Y ruckeri were isolated from outbreaks in trout hatcheries 



in north west Germany, in particular in the federal state of 
North Rhine-Westphalia (NRW). 

In order to avoid further spreading of these Vaccine- 
tolerant' isolates, an epidemiological survey on the occur- 
rence and further phenotypic and molecular characterisation 
of Y ruckeri from trout hatcheries was performed. In this 
study, interspecies differences of Y ruckeri isolates from 
north west Germany were detected via biochemical and 
molecular traits to determine how related isolates from 
different origins are. For this, several typing methods were 
compared for their ability to differentiate Y ruckeri isolates 
from rainbow trout and other fish species. 

Results 

Biochemical and physiological characterisation 

Among the variable biochemical characteristics of all 83 
Y. ruckeri isolates (Table 1), gelatine hydrolysis, Voges- 
Proskauer (VP) reaction and Tween hydrolysis were the 
most variable biochemical reactions. The results of VP, 
nitrate production, citrate utilization and gelatine hy- 
drolysis from both, conventional biochemical analysis 
and testing by the API 20E system, were listed also in 
Table 1. For motility, Tween 80/20 hydrolysis and citrate 
utilization, the isolates obtained in Lower Saxony (LS) 
from fish species other than rainbow trout were more 
similar to the reference strain DSM 18,506 than the 
isolates obtained from rainbow trout hatcheries in 
NRW and LS. Only 16 isolates hydrolysed Tween 80/ 
20. For these isolates motility was confirmed by micro- 
scopical inspection as well as by cultivation in API M 



Table 1 Biochemical characteristics of Yersinia ruckeri isolates from fish in aquaculture in north west Germany 



Test Reference strain Number of the field isolates tested positive (%) 





(DSM 18,506) 


Total 


Isolates from 
rainbow trouts in H 


Isolates from 
rainbow trouts in N 


Isolates from 
rainbow trouts in L 


Isolates from 
other fish in L 






(n = 82) 


(n = 8) 


(n = 49) 


(n = 19) 


(n = 6) 


Motility 


+ 


16 (19.5) 


1 (12.5) 


4 (8.2) 


6 (31.6) 


5 (83.3) 


Nitrate reduction 


+ 


77 (93.9) 


8 (100.0) 


47 (95.9) 


1 7 (89.5) 


5 (83.3) 


Nitrate reduction * 




72 (87.8) 


8 (100) 


45 (91.8) 


14(73.7) 


5 (83.3) 


Citrate utilization 


+ 


59 (72.0) 


6 (75.0) 


32 (65.3) 


15 (78.9) 


6 (100) 


Citrate utilization * 


+ 


50 (61.7) 


6 (75.0) 


29 (59.2) 


10 (52.6) 


5 (83.3) 


Voges-Proskauer 




48 (58.5) 


5 (62.5) 


29 (59.2) 


10 (52.6) 


4 (66.7) 


Voges-Proskauer* 




52 (63.4) 


4 (50.0) 


37 (75.5) 


7 (36.8) 


4 (66.7) 


Gelatine hydrolysis 




81 (98.8) 


8 (100.0) 


49 (100.0) 


19 (100.0) 


5 (83.3) 


Gelatine hydrolysis* 




77 (93.9) 


8 (100.0) 


48 (98.0) 


16 (84.2) 


5 (83.3) 


Methyl-red 


+ 


76 (92.7) 


7 (87.5) 


48 (98.0) 


18 (94.7) 


3 (50.0) 


Tween 20 hydrolysis 


+ 


16 (19.5) 


1 (12.5) 


4 (8.2) 


6 (31.6) 


5 (83.3) 


Tween 80 hydrolysis 


+ 


16 (19.5) 


1 (12.5) 


4 (8.2) 


6 (31.6) 


5 (83.3) 


Acid from sorbitol 




5 (6.1) 


1 (12.5) 


1 (2.0) 


0 (0.0) 


3 (50.0) 



* API 20E test system. 

L: Lower Saxony, H: Hessen, N: North Rhine-Westphalia. 



Huang et al. BMC Veterinary Research 2013, 9:215 
http://www.biomedcentral.eom/1 746-61 48/9/21 5 



Page 3 of 9 



medium. Those isolates were recognized as non-motile 
isolates. In particular, isolates collected from trout hat- 
cheries in NRW were lacking flagella and motility; 92% 
of the isolates from this federal state were non-motile 
(Table 1). 

In the API 20E test, 27 isolates showed the numeric 
profile 5,107,100, 23 isolates with the numeric profile 
5,306,100. These profiles differed from that of the refer- 
ence strain DSM 18,506 with the profile 5,304,100. For a 
biochemical typing of the isolates, typing numbers from 
"a" to "g" were assigned to individual isolates according 
to their profile number (Table 2). 



Genetic characterisation 

When the isolates were analysed by repetitive sequence- 
based PCR assays, two amplicon patterns were obtained 
after REP-PCR, five patterns by ERIC-PCR, four patterns 
by (GTG)s-PCR and three patterns by BOX-PCR (Figure 1). 
The similarity rates in REP-PCR were clearly lower than in 
the other repetitive sequence-based PCRs. In BOX-PCR 
and (GTG)s-PCR, the reference strain DSM 18,506 ex- 
hibited the same amplicon patterns as most of the isolates 
(Figure 1). By REP-PCR, 3 or 19 bands were seen in the 
size range of 200-2000 bp; by BOX-PCR, 18-19 bands 
were found distributed between 340-1550 bp; by (GTG) 5 - 



Table 2 Different genetic groups of Y. ruckeri 



Patterns from different genotypic method 0 




API 20E 
profile 6 


No. of 
isolates 


Typing 
Group (tp) 


REP-PCR BOX-PCR (GTG) 5 -PCR ERIC-PCR 


PFGE 


R1 B1 G1 E1 


Pt CI 


a 


5 


tp1 






b 


21 


tp2 






c 


1 


tp3 






d 


1 


tp4 






h 


2 


tp5 




Pt CIO 


a 


8 


tp6 






b 


1 


tp7 






c 


7 


tp8 






d 


1 


tp9 






g 


1 


tp10 




Pt C4 


c 


1 


tp11 




Pt C6 


g 


1 


tp12 




Pt C8 


b 


2 


tp13 




Pt C9 


a 


1 


tp14 




Pt C3 


b 


1 


tp15 




Pt C7 


c 


3 


tp16 




Pt C5 


d 


1 


tp17 




Pt C2 


a 


7 


tp18 






b 


2 


tp19 






c 


7 


tp20 




Pt C1 1 


a 


2 


tp21 




Pt C12 


c 


1 


tp22 


G2 E3 


Pt A1 


e 


1 


tp23 


B 2 G4 E 4 


Pt A2 


e 


1 


tp24 


B 3 G3 E 2 


Pt B1 


f 


1 


tp25 


R2 B1 G1 E5 


Pt B2 


e 


2 


tp26 


R3 B 1 G 1 E6 


Pt D1 


g 


1 (DSM18506) b 


tp27 



a PCR-based typing methods: REP-PCR, repetitive extragenic palindromic-PCR; BOX-PCR, BOX-A1 R-based repetitive extragenic palindromic-PCR; (GTG) 5 -PCR, 
polytrinucleotide (GTG) 5 -PCR; ERIC-PCR, enterobacterial repetitive intergenic consensus-PCR. Macrorestriction-based typing method, PFGE macrorestriction analyis 
by pulsed-field gel electrophoresis. 
^Reference" strain DSM 18506. 

C API 20E profiles were as follows: a (5,306,100, n = 23), b (5,107,100, n = 27), c (5,307,100, n = 20), d (5,106,100, n = 3), e (5,307,500, n = 4), f (5,305,700, n = 1), 
g (5,304,100, n = 2 + reference strain DSM 18,506), h (5,104,100, n = 2). 
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Dice similarity coefficient (%) 



REP pattern Pattern No. of isolates 



B 



O 



O 1700bp 780bp 290bp 



64.3 



38.6 




Dice similarity coefficient (%) 



91.9 
91.1 



Rl 



R2 



R3 



81 



1 (DSM 18506) 



SOX pattern 



O 1550bp lOOObp 



II 



II 



340bp 



Pattern No. of isolates 



Bl 



Bl 

B2 
B3 



1 (DSM 18506) 



Dice similarity coefficient (%) 



(GTG)5 pattern Pattern No. of isolates 



1530bp 900bp 390bp 

1 I I 



87.5 
83.8 



Gl 79 

Gl 1 (DSM 18506) 

G4 1 

G2 1 

G3 1 



Dice similarity coefficient (%) 



81.7 



95 rt 



ERIC pattern 

1800bp lOOObp 

i I 



Pattern No. of isolates 



430bp 350bp 

I i 



El 

E5 
E6 
E3 
E4 
E2 



77 
2 

1 (DSM 18506) 

1 

1 



Figure 1 A dendrogram of Y. ruckeri isolates constructed using the UPGMA method (tolerance 1%) using Gel Compar II (Applied Maths), 
based on fingerprints of different repetitive sequence-based PCRs: A, REP-PCR; B 7 BOX-PCR; C, (GTG)5-PCR; D, ERIC-PCR. 
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PCR, 11-13 bands were detected from 390-2500 bp; and 
by ERIC-PCR, 20-25 bands were present in the range from 
200-2000 bp (Figure 1). Five isolates, which were positive 
in sorbitol fermentation, did not exhibit the 430 bp am- 
plicon in ERIC-PCR. Only five isolates from fish species 
other than rainbow trout showed some differences in re- 
petitive PCRs. These five isolates were additionally con- 
firmed as Y ruckeri (identities = 100%, data not shown) by 
16S rDNA sequencing; while the nucleotide sequence of 
the reference strain DSM 18,506 was not completely iden- 
tical to the sequence reported from the strain ATCC 
29,473 (identities = 99%, data not shown). Conversely, all 
the isolates from rainbow trout showed rather uniform pat- 
terns of repetitive sequence-based PCR. 

A/o£/-directed PFGE yielded four major PFGE groups 
A-D. A total of 17 different PFGE types (Al, A2, Bl, B2, 
C1-C12, D) were detected among the 83 Y. ruckeri iso- 
lates examined (Figure 2, Table 2). Cluster analysis of 
these PFGE types showed that the isolates from north 
west Germany were highly uniform, whereby 30 isolates 
(36.1%) belonged to PFGE type CI and 18 isolates to 
PFGE type C10 (Figure 2). Compared with the reference 
strain DSM 18,506, all the isolates were different. The iso- 
lates from rainbow trout were clustered together (PFGE 
group C). Isolates from pike, koi and brown trout (PFGE 
groups A and B) showed the greatest variation when com- 
pared to rainbow trout isolates. All isolates previously 
assigned to biotype 2 clustered in PFGE group C. Isolates 
from this PFGE group were found in the federal states of 



LS, Hessen (H) and NRW (Figure 2). Most of the isolates 
were distributed in all three federal states (PFGE type CI 
and C10), while isolates of PFGE type C2 were found only 
in LS and NRW (Figure 2). 

Discriminatory indices of the typing methods applied 

As a discriminatory index, Simpsons index of diversity 
was calculated for each typing method used to differenti- 
ate all Y. ruckeri isolates. Discriminatory indices varied 
distinctly between the different typing methods. REP- 
PCR had the lowest D value of 0.048. This means that 
two randomly selected isolates of this test population 
had a probability of 4.8% of showing a different REP-PCR 
pattern. Slightly higher D values were calculated for BOX- 
PCR (D = 0.071), (GTQ5-PCR (D = 0.095) and ERIC-PCR 
(D = 0.140). Highest D values were seen for biotyping via 
API 20E (D = 0.763) and Mtf/-directed PFGE (D = 0790). 
According to their biochemical and molecular characteris- 
tics as obtained by testing with API 20E, PFGE and various 
PCR-based methods, the Y ruckeri isolates from north 
west Germany could be subdivided into 27 different groups 
(Table 2). Most of the isolates from north west Germany 
(30, 36.6%) belonged to the group (R1/B1/G1/E1/PFGE 
type CI). Additional information about the origins and iso- 
lated years were shown in Additional file 1: Table SI. 

Discussion 

Since the first isolation of Y. ruckeri in Idaho, USA 
in 1950s, outbreaks of ERM were frequently reported 
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72.0 
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1 


2005 
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1 


A2 


1 


2011 


H 


1 


Bl 


1 


2005 


L 


1 


B2 


2 


2005/2012 


L/N 


1 


CI 


30 


2005-2012 


L/H/N 


1/2 


C2 


16 


2005-2012 


L/N 


1/2 


C3 


1 


2011 


N 


2 


C4 


1 


2010 


H 


2 


C5 


1 


2011 


N 


2 


C6 


1 


2008 


L 


1 


C7 


3 


2011 


N 


1 


C8 


2 


2005/2007 


L 


2 


C9 


1 


2005 


L 


2 


C10 


18 


2004-2012 


L/H/N 


1/2 


Cll 


2 


2011 


N 


2 


C12 


1 


2011 


N 


2 


D 


1 






1 



Figure 2 Dendrogram of Y. ruckeri isolates based on A/ofl-macrorestriction (PFGE) patterns. The similarity analysis was performed using the 
Dice coefficient and UPGMA method (tolerance 1%). Pulsotype D: reference strain DSM 18,506. The similarity of the isolates obtained from Lower 
Saxony (L), Hessen (H) and North Rhine-Westphalia (N) are given as percentages at the major junctions in the dendrogram. The Notl- patterns, 
number of isolates, year(s) of isolation, geographical origin and biotype (biotype 1: motile, biotype 2: non-motile) are shown. 
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[7,18,19], especially from the aquaculture industry in 
countries such as Croatia [3], France [4,20], Finland 
[2], Germany [5], Italy [21], Switzerland [6] and the 
UK [14,22]. The bacterium was isolated from different host 
species [2,23,24], including several salmonid species, chan- 
nel catfish, goldfish, common carp, European eel, coalfish, 
and perch. Typing of Y ruckeri isolates from various geo- 
graphic locations or different fish species has been per- 
formed for taxonomic or epidemiological purposes and 
initially it was based on phenotypical characteristics in- 
cluding the results of biochemical and serological tests 
[10,25,26]. In addition, molecular techniques, including 
random amplification of polymorphic DNA (RAPD), mul- 
tilocus sequence typing (MLST) or pulsed-field gel electro- 
phoresis (PFGE) have been applied to study the genetic 
diversity of Y ruckeri isolates [15,27-29]. In a study on iso- 
lates from various geographic origins, including Chile, 
Peru, U.S.A., UK, and mainland Europe, a considerable in- 
traspecies diversity of Y. ruckeri was found on the basis of 
the phenotypical characteristics obtained from API 20E, 
lipopolysaccharide (LPS) and outer membrane profiles [30] 
as well as by genetic analysis using MLST profiles [27]. 

The isolates from north west Germany investigated in 
the present study, showed a strong homogeneity of bio- 
chemical results and API 20E profiles with some variability 
in gelatine hydrolysis, VP reaction and Tween hydrolysis. 
Variation in some biochemical tests for Y ruckeri has been 
reported in previous studies [27,30,31], but this variation 
could not be used as a distinguishing characteristic for 
phenotypical traits such as serotype or biotype [25,30,32]. 
While the majority of Y. ruckeri isolates from farmed rain- 
bow trout in Peru [33] or Atlantic salmon in Chile [34] 
were motile, only 16 out of 82 isolates from the present 
study belonged to biotype 1 (motile and lipase positive). 
All other isolates could not hydrolyse Tween 80/20, were 
lipase-negative and lacked flagella. 

The API 20E profiles 5,306,100, 5,107,100, 5,104,100 were 
previously obtained from Y ruckeri isolates from south- 
west Germany [35], the profiles 5,307,100 and 5,304,100 
were already reported from Spanish isolates [13]. While the 
profiles 5,106,100 and 5,307,500 were also previously re- 
ported from Y ruckeri isolates, [36] there was no record 
about an isolate with the numeric profile 5,305,700. How- 
ever, 16S rRNA sequencing confirmed this isolate as 
Y ruckeri (identity = 100%, data not shown). 

In addition to the biochemical characteristics, some gen- 
etic variability was observed in isolates using several repeti- 
tive sequence-based PCR techniques including BOX-PCR, 
ERIC-PCR, (GTG)s-PCR, REP-PCR as well as pulsed-field 
gel electrophoresis. An analysis of the isolates from north 
west Germany by repetitive sequence based PCRs gave 3 
to 6 groups, with the majority of isolates in one group. 
Similar observations were already reported from Latin 
American isolates [33,34]. ERIC-PCR showed the highest 



discriminatory power. While in previous studies both 
ERIC-PCR and REP-PCR were considered of some value 
as tools to study ERM epidemiology [34], in our study, 
REP-PCR showed the lowest discriminatory power and 
could not differentiate the isolates very clearly. This could 
depend on the different origin of the isolates: our isolates 
originated mainly from rainbow trout, while Bastardo et al 
[34] studied isolates from Atlantic salmon. When Y ruckeri 
isolates from Peruvian rainbow trout were analysed by 
REP-PCR, more homogeneous amplicon patterns were ob- 
served as well [33]. 

PFGE has been frequently applied for detailed molecu- 
lar typing of different bacteria [37-39], as well as for a 
differentiation among isolates of Y ruckeri [15]. In the 
present study, the typing results by PFGE showed strong 
homogeneity among the isolates obtained from farmed 
fish species in north west Germany. More than half of 
the Y. ruckeri isolates belonged to the two PFGE types 
CI and C10, with 36.1% of the isolates sharing the same 
PFGE type CI. These two PFGE types belong to the 
group C PFGE cluster, which comprises isolates from 
rainbow trout and represents the majority of the isolates. 
The isolates showing PFGE types A1/A2 or B1/B2 also 
differed from the other isolates in at least some of their 
repetitive sequences -based PCR patterns (Table 2). In 
the present study, no distinct differences were observed 
in PFGE types from biotype 1 and biotype 2 isolates 
from rainbow trout. 

The data presented in this study may suggest that the 
isolates from north west Germany originated from the 
same ancestor and could indicate a clonal population 
structure. In a previous study on the genetic diversity of 
Y ruckeri isolates, analysed by MLST, a large number of 
isolates also belonged to just two sequence types (ST), 
which formed one clonal complex with 21 out of 30 
recognised STs [27]. However, the MLST analysis re- 
vealed that genetic recombination appeared to play a 
greater role than mutation for the generation and main- 
tenance of genetic diversity within the population of 
Y. ruckeri [27]. This would be contradictory to the con- 
cept of clonal expansion of a population from a common 
ancestor that diversified mainly by mutation rather than 
recombination [40]. MLST results from Y ruckeri rather 
suggest an epidemic population structure, as it was ob- 
served for instance for Vibrio parahaemolyticus [27,41]. 
The epidemiology of Yersinia ruckeri, which started as a 
geographically isolated disease and quickly became dis- 
seminated [31], also was considered to support the epi- 
demic model [27]. 

Pulsed-field gel electrophoretic analysis of Y ruckeri 
isolates resulted in a discriminatory index (D) of 0.790, 
whereas repetitive sequence-based PCR approaches yielded 
low D values between 0.048 and 0.140. As the D value de- 
scribes the probability that two randomly selected isolates 
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show different profiles by the method applied, methods 
with low D values are considered not to be sufficiently 
discriminative for the detection of differences among 
Y ruckeri isolates. In a previous analysis, "medium to high" 
D values ranging between 0.71-0.74 were obtained by the 
API 20E, lipopolysaccharide and outer membrane protein 
analysis [27], while ERIC-and REP-PCR were valuable 
in combination with other techniques. Similar results 
were reported from Y. ruckeri isolated in Turkey [42] . The 
combination of several typing methods, as performed by 
Bastardo et al [27] showed that isolates with similar char- 
acteristics were associated with certain fish species and/or 
predominated in some geographical areas. In the present 
study, the combination of six typing methods, including 
API 20E, PFGE and four different repetitive sequence 
PCR techniques facilitated the identification of 27 differ- 
ent groups. With this set of methods, most of the isolates 
from rainbow trout (97.3%) could be differentiated from 
the isolates obtained from pike, koi and brown trout. Bio- 
type 2 isolates were only detected in rainbow trout in this 
study. The genomic variation of Y. ruckeri isolates pro- 
vides information for comparing their distribution and the 
relationships among individual isolates from different re- 
gions in north west Germany. 

Conclusions 

Most of the isolates from north west Germany belonged 
to biotype 2. The combination of different typing methods 
could well differentiate Y. ruckeri isolates. The results of 
this study showed the diversity of isolates present in north 
west Germany. Moreover, these data enable the identifica- 
tion and in-depth characterisation of pathogenic Y. ruckeri 
isolates. As a consequence of this detailed characterisa- 
tion, these data can be used to examine the distribution of 
these isolates in the field and may be used as a basis for 
preventive disease monitoring plans. 

Methods 

Bacterial isolates and sample collection 

In total, 83 Yersina ruckeri isolates were analysed, 
including 33 isolates from the strain collection of 
LAVES Niedersachsen, Food and Veterinary Institute 
Braunschweig/Hannover, Germany and the fish disease 
service at the Landesbetrieb Hessisches Landeslabor (LHL) 
Giessen, Germany. These bacteria were isolated from dis- 
eased rainbow trout suffering from ERM outbreaks. In 
addition, 48 isolates were sampled from rainbow trout 
(Oncorhynchus my kiss) in trout hatcheries at different sites 
in the German federal state NRW during the four seasons 
of 2011-2012. Sampling was done under the approval of 
Landesamt fur Natur, Umwelt und Verbraucherschutz, 
NRW. Fish were randomly sampled when diseased fish 
were not present in the farm. The sampling was done fol- 
lowing the guidelines for the diagnostic of fish diseases and 



regarded international and national guidelines for animal 
welfare. Of the remaining two isolates, one was the 
Y ruckeri reference strain DSM 18,506 and the other a 
non-motile isolate also from NRW in 2008 and provided 
by Dr. Gould from MSD Animal Heath. All isolates were 
kept as glycerol stock cultures at-80°C. All isolates were 
cultured on trypticase soy agar (TSA; Sigma) at 25°C for 
24-48 h and pure cultures were kept at-80°C using 
Cryobank beads (Copan Diagnostic INC., USA). 

Identification of Y. ruckeri 

All Y ruckeri-suspect cultures were examined by Gram- 
staining and colony morphology. For species confirm- 
ation, the pure-cultured colonies were biochemically 
characterised by the API 20E system at 25°C for 48 h 
(bioMerieux, Craponne, France), as well as subjected to 
the following standard biochemical tests: cytochrome- 
oxidase production, catalase production, Methylred/Voges- 
Proskauer (VP), growth on McConkey agar, xylose 
utilisation, glucose utilisation/gas production, tween 
80/20 hydrolysis, nitrate production, citrate utilisation, 
sorbitol fermentation, gelatine hydrolysis, and oxidative/ 
fermentative glucose utilisation. Motility was checked by 
phase-contrast microscopy (lOOOx). To confirm the motil- 
ity, bacteria were stab-inoculated with a needle into the 
bottom of API M medium (bioMerieux). In addition, silver 
staining [43] was used to investigate the isolates for the 
presence of flagella. After staining, the slides were micro- 
scopically inspected (Leica DFC320, Bensheim, Germany). 

DNA extraction 

Bacterial cells were lysed and genomic DNA was ex- 
tracted, following the manufacturers protocol provided 
in the innuPREP Bacteria DNA Kit (Analytik Jena, Jena, 
Germany). The purity of DNA was confirmed using a Nano 
Drop spectrophotometer (NanoDrop, Delaware, USA). 

Repetitive sequence-based PCR approaches 

For genotyping, four different repetitive sequence-based 
PCRs were performed including BOX-AlR-based repetitive 
extragenic palindromic- PCR (BOX-PCR), (GTG) 5 -PCR, 



Table 3 Primers used in this study 



PCR 


Name 


Sequence {S'-^S 1 ) 


References 


Specific PCR 


YER8 


GCGAGGAGGAAGGGTOAGTG 


[45] 


of Y. ruckeri 


YER10 


GAAGGCACCAAGGCATCTCTG 


[45] 


(GTG) 5 -PCR 


(GTG) 5 


GTGGTGGTGGTGGTG 


[44] 


BOX-PCR 


BOXA1R 


CTACGGCAAGGCGACGCTGACG 


[44] 


ERIC-PCR 


ERIC2 


AAGTAAGTGACTGGGGTGAGCG 


[44] 




ERIC1R 


ATGTAAGCTCCTGGGGATOAC 


[44] 


REP-PCR 


REP2-I 


ICGICTOTCIGGCCTAC 


[44] 




REP1R-I 


IIIICGICGICATCIGGC 


[44] 
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enterobacterial repetitive intergenic consensus (ERIC-PCR) 
and repetitive extragenic palindromic (REP-PCR). These 
PCR assays were performed for all Y ruckeri isolates [44], 
using primers listed in Table 3. PCRs were performed in 
25 ul volumes containing 2 ul of DNA template, 0.2 mM 
concentrations of deoxynucleoside triphosphates, 2.5 ul of 
10 x PCR buffer (Qiagen, Hilden, Germany), 2 mM MgCl 2 , 
8 uM, 1 uM and 2 uM of each forward and reverse primer 
for BOX-/(GTG) 5 -, ERIC-and REP-PCR, respectively, and 
5 U of Qiagen HotstarTaq DNA Polymerase (Qiagen). The 
reaction was performed in a Biometra T3000 thermocycler 
(Analytik Jena, Germany) with an initial denaturation cycle 
at 95°C for 7 min, followed by 30 cycles of amplification 
(denaturation for 1 min at 94°C, annealing for 1 min at 
53°C, 52°C and 44°C for BOX, ERIC/(GTG) 5 , and REP- 
PCR, respectively, and extension for 8 min at 65°C), and a 
final elongation for 16 min at 65°C. The PCR products 
were detected by electrophoresis by using 2.5% agarose 
gels. The images obtained were analysed by the UPGMA 
method using GelCompar II (Applied Maths, Belgium). 

16S rDNA gene sequencing 

A specific PCR for the identification of Y ruckeri was 
applied to five isolates which showed patterns different 
from most of the isolates in repetitive sequence-based 
PCR. For this PCR, the primers YER8 and YER10 (listed 
in Table 3) were used according to Gibello et al [45]. 
The PCR was performed using the Titanium Taq PCR 
Kit according to the manufacturer s protocol (Clontech, 
Saint-Germain-en-Laye, France). Briefly, the PCR was per- 
formed in 20 ul volumes containing 1 ul of DNA template, 
0.2 mM deoxynucleoside triphosphates, 2 ul of 10 x Titan- 
ium Taq buffer (Clontech, USA), 10 uM of each forward 
and reverse primer, and 0.1 ul of 50 x Titanium Taq DNA 
Polymerase (Clontech). The reaction was performed in a 
BIORON thermocycler (BIORON, Germany) with an initial 
denaturation cycle for 3 min at 95°C, followed by 40 cycles 
of amplification (denaturation for 30 s at 95°C, annealing 
for 30 s at 60°C, and extension for 1 min at 72°C), and a 
final elongation for 7 min at 72°C. PCR products were sent 
to LGC Genomics (Berlin, Germany) for sequencing. The 
resulting 16S rDNA sequences were compared in a BLAST 
search with the sequences previously deposited in the NCBI 
database (www.ncbi.nlm.nih.gov). 

Pulsed-field gel electrophoresis (PFGE) 

Isolates to be examined by pulsed-field gel electrophor- 
esis were grown on TSA plates for 48 h at 25°C. Agarose 
plugs containing Yersinia ruckeri genomic DNA were 
prepared according to the method of Wagley at el [39] . 
Slices of the agarose plugs that contain Y. ruckeri genomic 
DNA were digested with the restriction endonuclease NotI 
(100 U) for 4 h at 37°C. A Salmonella Braenderup H9812 
molecular standard was prepared by the same method 



and restricted with Xbal [46]. NotI digested agarose plugs 
were loaded into a 1% (w/v) PFGE-grade agarose gel 
(Roth, Germany) and subjected to electrophoresis in 0.5 x 
TBE buffer using a Bio-Rad CHEF-DRIII system. PFGE 
conditions were 5.6 V/cm with switch times of 1 to 15 s at 
14°C for 20 h. Images were captured under ultraviolet 
light. The images obtained were analysed by the UPGMA 
method using GelCompar II (Applied Maths). 

Discriminatory power of typing methods 

Simpsons index of diversity was applied to calculate the 
discriminatory power of the different typing methods: 
API 20E, REP-PCR, BOX-PCR, (GTG) 5 -PCR, ERIC-PCR 
and PFGE according to Hunter and Gaston [47]. 

Additional file 



Additional file 1: Table SI. Different origins of Yersinia ruckeri. 
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